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Dulce de leche-like product enriched with emulsified pecan oil:
Assessment of physicochemical characteristics, quality
attributes, and shelf-life
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“Dulce de leche” (DL) is a rich, creamy, caramel-like milk-based sauce or spread, prepared by
concentrating whole milk with sucrose, reaching a lipid content of about 6% w/w. A DL-like product
with pre-emulsified pecan oil as fat source was developed. Nonfat milk, xanthan gum, sugars, pecan oil,
and natural tocopherols were included in the formulation prepared in a pilot-plant scale and stored at
room temperature. Pecan oil-DL showed physicochemical and rheological characteristics similar to
those of commercial DL containing �6% milk fat. A slight increase in viscosity was observed after
2 months of storage, remaining almost constant thereafter. Crystal formation was not observed and
microbial counts were low. Slight lipid oxidation was experienced after 138 days. DL fatty acid (FA)
profile showed high content of unsaturated FA (UFA, 89–90% w/w), mainly oleic and linoleic acids,
effectively protected by both tocopherols and antioxidant compounds. Pecan oil-DL presented good
sensorial characteristics (above 7 points on a 10 point-hedonic scale), with 82.6% less saturated FA and
200% more UFA than a traditional milk fat-product, being an alternative product with lipid profile
enriched in unsaturated fatty acids.

Practical applications: The “dulce de leche” (DL) jam-like developed could be considered an
alternative to the traditional DL, with better nutritional value considering its lipid composition. It has a
fatty acid (FA) balance in favor of unsaturated FA as well as absence of cholesterol in the formulation
because it is a product elaborated with nonfat milk. DL formulated with pecan oil showed
physicochemical, rheological, and sensory characteristics similar to commercial products that contain
about�6%milk fat. It showed good stability during storage at room temperature, with no lactose crystal
formation, and only slight lipid oxidation. The product was successfully developed in the laboratory and
also produced in a pilot plant scale, thus, it is feasible to produce it at an industrial scale.
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1 Introduction

“Dulce de leche” (DL), a concentrated sweetened milk
product obtained by heat treatment, is highly consumed in
Latin America and additionally exported to other countries

such as USA and Spain. DL is traditionally prepared by
concentrating 3% w/v fat milk with sucrose and vanilla using
heat until �70% total soluble solids at atmospheric pressure
is reached, obtaining a lipid content of about �6% w/w.
Sodium bicarbonate can also be used to increase the typical
brown color and attractive flavor caused by Maillard
reaction, favored at pH 6–7, and to avoid the lumps
formation that result from the concentration of acidic
compounds generated during evaporation [1]. One of the
main causes of quality loss during storage is due to perception
of sandiness because of lactose crystallization. To avoid it
sucrose is usually partly replaced by other sugars (not more
than 400 g/kg of total sugars should be added according to the
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C�odigo Alimentario Argentino [2]) so lactose crystallization
is retarded by the increase in viscosity of the solution and
reducing the rate of growth of lactose crystals, or by
diminishing lactose content through partial enzymatic
hydrolysis [3].

Dietary guidelines [4] suggest that most consumed fats
should come from polyunsaturated and monounsaturated
fatty acid (FA) sources, such as fish, nuts, and vegetable oils.
Argentinean milk fat contains about 58% w/w of saturated
fatty acids (SFA), mainly C16:0 and C14:0, with almost 30%
w/w of unsaturated fatty acids (UFA), being C18:1 the main
one [5], FA profile that is reflected in the consumed DL. The
true effect of SFA on human health has recently come under
debate and they are not considered as harmful as once
believed. Trans fatty acids have been identified as an
important cause of cardiovascular disease and the resulting
clinical end points such as strokes and heart attacks. In
addition, paradoxically, recent research has now identified an
important cardioprotective role for a subcategory of trans
fats, the ruminant trans fats [6]. However, it can still be
concluded that, individually or as a whole, they do not have
the same positive benefits as mono and especially polyunsat-
urated FA. The elimination, reduction, or partial substitu-
tion of animal fat in dairy foods could be a healthier
alternative, but it produces, in most cases, perceptible
changes in color, flavor, and especially texture [7] since fat
plays multiple roles in dairy products contributing to their
appearance, mouthfeel, creaminess, smoothness, cast, han-
dling, processing, stability, and satiety [8–10]. Several
authors have studied the improvement of the lipid profile
in dairy products. Ye et al. [11] incorporated fish oil in
processed cheese; Cunha et al. [12] replaced part of the dairy
cream with vegetable fat in spreadable processed cheese.
Besides inulin seems particularly suitable for fat replacement
in low-fat dairy products as it may contribute to an improved
mouthfeel [13]. Diverse authors showed that especially long-
chain inulin addition to different low-fat dairy products
resulted in enhanced creaminess [14, 15].

In addition, 2015–2020USDADietary Guidelines [4, 16]
considerhealthythepecanoilobtainedbypressingofpecannut
(Carya illinoensis). Pecan oil contains no trans fats [17], has
neutral flavor; it is ideal for cooking and frying at high
temperaturesdue to its high smokepoint (243°C)but, because
of its high UFA content is particularly susceptible to lipid
oxidation [18, 19]. However, it possesses antioxidant activity
which is likely due to its high content of tocopherols and other
minor components such as phospholipids [20]. If pecan oil is
incorporated as UFA source to enrich dairy formulations,
probablyahigher concentrationofantioxidantsmaybeneeded
to prevent lipid oxidation during processing and storage.
Nowadays consumers are putting a demand to replace
synthetic antioxidants with natural alternatives [21, 22], so
natural tocopherols are an adequate option.

The objectives of this work were: (i) to develop a healthier
dulce de leche produced from skim milk with added pecan

oil, studying the adequate oil emulsification conditions, and
the effect of natural tocopherols concentration on oxidative
stability; (ii) to obtain the pecan oil-DL in a pilot-scale plant
and to study its physicochemical, rheological, microbiolog-
ical, sensory, and other quality characteristics, analyzing
possible quality changes during its storage at room
temperature.

2 Materials and methods

2.1 Materials

Sterilized skim milk (maximum 0.5% w/v fat according to
C�odigo Alimentario Argentino, 1999, UHT, Sancor,
Cooperativas Unidas Ltda., Santa Fe, Argentina), sucrose
(food grade, Ledesma SAAI, Tucum�an, Argentina), anhy-
drous glucose (analytical grade, Parafarm, Saporiti, Buenos
Aires, Argentina), xanthan gum (Sigma–Aldrich de
Argentina S.R.L., Buenos Aires, Argentina), sodium bicar-
bonate, and potassium sorbate (both analytical grade,
Anedra, Buenos Aires, Argentina) were used for the
manufacture of the products. Lactase (125NLUL�1, Chr.
Hansen Holding A/S, Buenos Aires, Argentina) was applied
to reduce lactose content of the milk. Pecan oil (NUCANA,
Entre R�ıos, Argentina) was employed as lipid source. Natural
tocopherols (TocomixTM70, AOM S.A., Buenos Aires,
Argentina, at least 63% w/w no-a tocopherols, mainly d-g/
d-b tocopherol [43.8%w/w] and d-d tocopherol [19.3%
w/w]) were added to the oil in order to control lipid oxidation
in the product.

2.2 General procedure of pecan oil-DL preparation

Product formulation of dulce de leche with pecan oil
contained 172.7 g sucrose, 29 g glucose, 280mg potassium
sorbate, 1 g xanthan gum, and 23 g pecan nut oil for each liter
of milk used. Milk (2L) was previously incubated at
4°C during 24 h with lactase (2.6� 10�2 g enzyme L�1

milk) to reduce lactose content by 60% following Hansen’s
specifications, and reached a 13° of Dornic acidity (1° is
equivalent to 0.1 g/L lactic acid) with sodium bicarbonate.
Afterward sucrose, glucose, and potassium sorbate were
dissolved in the milk. At the same time xanthan gum was
dissolved in part of total milk (300mL) at 60°C during 3 h
with constant stirring, and an adequate amount of pecan oil
(46 g, 5% w/w in the final product) with added tocopherols
was pre-emulsified in another skim milk aliquot (300mL).

Finally, all ingredients were mixed in a stainless steel pan
(4L capacity) with small glass beads to avoid overheating
and fouling at the bottom. An electric heating plate (IKA,
RCT basic, Guangzhou, China) was employed to heat the
product until the desired total soluble solid content had
been reached when tested with a Digit-080 refractometer
(CETI Optical Instruments, Brussels, Belgium), previously
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calibrated with a standard refractive index glass [23]. The
final temperature was 102°C and the heating stage lasted
approximately 3 h. Obtained DL were poured in previously
sterilized glass jars and rapidly cooled over an ice-water
bath. Two batches were produced following the same
procedure.

2.3 Influence of pre-emulsification conditions on o/w
microstructure

Two emulsification equipments were assayed: Ultra Turrax
(UT) T25, rotor S20-25-NK-196 (IKA, Steufen, Germany)
and Hand-held Homogenizer (HH) (Minipimer Braun MR
390G, Buenos Aires, Argentina); emulsification conditions
were 1.5, 4, and 6min at 11 000 rpm in both cases.

Droplet size and distribution were measured using a
microscope (LeicaMBLBWetzler, Germany) equipped with
a built in camera. A 40� objective lens calibrated with an
objective micrometer and appropriate software (Global Lab
Image 2.10) were used. Aliquots of fresh samples were
observed after a 1:10 dilution with distilled water [24, 25].
Digitization was based on gray level and the diameter was
estimated based on the equivalent circular diameter. Over
200 droplets from several fields and sample replicates were
measured to estimate the average droplet size, for each
emulsifying condition. Average Sauter diameter D3,2 was
calculated per sample as follows:

D3;2 ¼

XN

i¼1

ðnid3i Þ

XN

i¼1

ðnid2i Þ
ð1Þ

where di¼droplet diameter, N¼ total number of droplets,
ni¼number of droplets of di diameter. The corresponding
variances of D3,2 were calculated [26]; the variance is related
to the polydispersity of the system. BothD3,2 and its variance
are related to the stability of emulsions when the ratio
volume/surface area is important.

2.4 Product stability in accelerated test

Two levels of tocopherols (500 and 1000mg/kg) were added
to the oil before DL preparation. In addition, a DL without
added antioxidants was prepared as a control. Lipid
oxidation was studied by keeping the products at 37°C for
120 days and periodically quantifying the thiobarbituric acid-
reactive substances (TBARS) in quadruplicate [27]. Differ-
ences between TBARS value at a selected time of storage
respect to the TBARS at initial (delta) were calculated and
expressed as mg malonaldehyde (MDA) kg�1 product dry
base. In addition, it was observed if any change occurred by
instability of the o/w emulsion (creaming, phase separation,
etc. [24, 25]).

2.5 Pilot-plant procedure to obtain pecan oil-DL

Pecan oil-DL was obtained in a large scale at the pilot-plant
of the College of Agricultural Engineering, La Plata National
University; 40L skim milk was used, with other ingredients
according to formulation, and tocopherols in the selected
level. Procedures to reduce lactose content with lactase, to
dissolve the ingredients and pre-emulsify pecan oil were
equivalent as described before, with suitable stirrers, heating
vessels, and using the same conditions. A double wall
stainless steel evaporator (100L capacity) working under
atmospheric pressure, with paddle agitation (20 rpm) and
steam heating system (4 kg/cm pressure) (CABRIO SRL,
Buenos Aires, Argentina) was used. Heating stage lasted for
3 h. The obtained product was poured in sterilized glass jars
and stored at 20°C in a temperature-controlled room for
180 days. The complete procedure was performed in
duplicate.

Soluble solids were determined by refractometry as
described above, moisture content was analyzed [28], and
water activity was measured using an AquaLab Serie 3
(DecagonDevices Inc., Pullman,Washington,USA). Process
yield and lipid content were calculated considering the initial
and final water content and total mass of DL obtained.

CIE-LAB color parameters (lightness, L�, redness, a�,
and yellowness, b�) were measured (n¼5) at room
temperature using a Chroma Meter CR-300 (Minolta Co.,
Ramsey, NY, USA). Duplicate pH determinations were
done with a glass electrode (Phoenix, Garbsen, Germany) on
a pH meter Hach sensIONþpH3 (Hach, Loveland, CO,
USA), at different storage times.

2.6 Sensory analysis

At the end of the experiment, acceptability analysis of the
product was conducted by 74 panelists, graduate students,
and faculty members in our Institute who were experienced
in sensory evaluation of foods, but received no specific
training. Panelists were asked to indicate how much they
liked or disliked the product on a 10-point hedonic scale
(10¼ like extremely; 1¼dislike extremely). This scale was
chosen as it is the rating system used daily for many issues in
Argentina [29] according to flavor, texture, color, and overall
acceptability characteristics. Experiment was conducted in
an appropriately designed and lighted room.

2.7 Lactose crystallization

Gim�enez et al. [30] procedure was followed to investigate
crystal formation in the product during storage. Approxi-
mately 0.01 g DL was weighed on a microscope slide, slightly
pressured with a coverslip and observed through an optical
microscope (Leica DMLB, Wetzler, Germany) with a 10�
ocular lens, 10� objective lens, and using a polarizer for
better viewing.
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2.8 Microbial stability

Microbial counts were done from the day after production
at a 60-days interval during storage of the product
according to microbial criteria for this product that take
account of the coagulase-positive Staphylococci, molds, and
yeast counts (GMC 137/96, [31]). Initial dilutions were
made by aseptically blending of 10 g of sample with 90mL
of peptone solution (1 g/L) in a Stomacher blender (West
Sussex, UK) for 60 s at normal speed. Appropriate serial
dilutions were pour plated in YGC agar (Merck KGaA,
Darmstadt, Germany) for mould and yeast counts
(incubated at 30°C for 5 days), and spread plated in
Baird Parker Agar (Biokar, Beauvais, France) for coagu-
lase-positive Staphylococci (incubated at 35–37°C for
24–48 h).

2.9 Rheology

Rheologicalmeasurements were carried out using a controlled
stress rheometer (Haake RS600; ThermoGap, Karlsruhe,
Germany) provided with a serrated parallel plate fixture
(35mm diameter, 1mm gap), at 20.0� 0.1°C controlled by
means of a controlled fluid bath unit and an external
thermostatic bath. After positioning the sample on the sensor
system, it was allowed to rest for 10min before starting the
corresponding measurement. To minimize dehydration,
samples were covered with a thin layer of silicone oil and a
solvent trapwas used. Four replicateswere performed for each
sample from the day after production at a 60-day interval
during storage.

2.9.1 Steady shear flow

To obtain steady-state flow curves (viscosity, h, vs. shear rate,
_g), the shear stress was measured by increasing the shear rate
in steps from 0.01 to 100 s�1. The maximummeasuring time
per point was set at 300 s, but all measurements were
obtained before the cut-off time, so it could be assumed that
steady state was almost attained.

Herschel–Bulkley’s model [32] was used tomodel steady-
state flow curves:

s ¼ s0 þK _gn ð2Þ

where K is the consistency coefficient, n is the flow behavior
index, s0 is the yield stress, and the shear rate.

2.9.2 Oscillatory shear tests

Dynamic rheological measurements (storage modulus, G0

and loss modulus, G00, vs. frequency, v) were done using a
frequency range from 0.01 to 100 s�1. Linear viscoelasticity
region was determined through stress sweep tests at a fixed
frequency (6.28 rad/s).

The software used to fit the rheological models was IRIS
Rheo-hub (Amherst, MA, USA).

2.10 Lipid oxidation and fatty acid profile

TBARS values expressed as mg of malonaldehyde
(MDA) kg�1 product were determined to evaluate the lipid
oxidation in the DL at different storage times.

Lipids of the products were extracted by R€ose-Gottlieb
method (24105) [33] at initial, 90, and 180 days of storage.
FA profiles were determinate by gas chromatography
(Hewlett Packard 6890, GA, USA) equipped with fused
silica capillary column (Chrompack CP-SIL 88, length 50m,
ID 0.25mm, 0.1mm film, Varian Inc., Palo Alto, CA, USA)
and flame-ionization detector at PROPIA laboratory (Uni-
versidad Nacional de La Plata). FAME (Fatty acid methyl
esters) were identified by comparing their retention times
with those of commercial standard FAME (NuCheck Prep.
Inc., Elysian, USA). Peak areas were determined and
calculated as normalized area percentages of FA [34, 35].

2.11 Statistical analyses

Analyses of variance were conducted separately on the
dependent variables analyzed. For simultaneous pairwise
comparisons, least significance differences (LSD) test was
chosen. Differences in means and F-tests were considered
significant when P< 0.05. All statistical procedures were
computed using the SYSTAT software (SYSTAT, Inc.,
Evanston, IL, USA).

3 Results and discussion

3.1 Oil pre-emulsification methodology

Figure 1 shows mean Sauter diameter (D3,2) obtained
analyzing oil droplet sizes for the different emulsifying
conditions tested. The smaller D3,2 values were obtained for
the emulsification made with a hand-held homogenizer
during 4min (D3,2¼ 130mm). So, this condition was
selected for the oil pre-emulsification in order to obtain
the most stable emulsion.

3.2 Lipid oxidative stability in accelerated assays

Figure 2 presents the obtained results for lipid oxidation of
pecan oil-DL with different tocopherols levels in an
accelerated assay at 37°C, expressed as the increment in
TBARS with respect to their initial value (DTBARS,
mgMDAkg�1 dry product). The three formulations showed
a significant increase (P< 0.05) in TBARS during storage.
The tocopherolsmix used,mainly amixture of D-b, D-g yD-
d tocopherols, produced a significant inhibition (P< 0.05) of
lipid oxidation in the product, making a contrast with the
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work of Tenorio [36] who did not found a protection with
a-tocopherols (0–500 ppm) in dairy systems enriched with
UFA. As the heating of the mix proceeds in order to obtain
DL,Maillard reaction between milk proteins and short chain
carbohydrates takes place. Thus, the presence of some
Maillard compounds could be associated with antioxidant
effects [37–43] and contribute with tocopherols to the
inhibition. TBARS levels reached values between 5.8 and
6.8mg MDA kg�1 product after 120 days of storage.

Besides, pecan oil-DL samples presented no visual signs
of instability during storage as no oil phase separation was
detected. Based on these results, 1000mg/kg of tocopherols

was selected as an appropriate level to add to the product,
particularly considering the long heating time required above
100°C, which contributed to start oxidative reactions.

3.3 Pecan oil-DL obtained at a pilot-scale

The product with pre-emulsified pecan oil produced at the
pilot-plant presented 65 °Brix of soluble solids content, 33.6
(0.3)% w/w moisture content, and a water activity of 0.845
(0.003), while color parameters were 38.7 (1.2), 8.9 (0.1),
and 19.4 (0.6) for L�, a�, and b�, respectively. These results
were in the range of commercial products [28]. The process
yield was 30.4%. According to the formulation and yield, the
lipid content of pecan-DL was 6.56% w/w, within the range
corresponding to Argentinean [28] and Brazilian [44]
commercial DL.

Sensory analysis results indicated that more than 90% of
panelists assignedmore than seven points to all the attributes,
showing a good acceptability of the product, despite a large
dispersion among consumer preferences as has been
informed by Gaze et al. [45]. The obtained average scores
were: 8.5 (0.1), 8.7 (0.1), 9.1 (0.1), and 8.4 (0.2), for general
acceptability, texture, color, and taste, respectively.

3.4 Storage of pecan oil-DL at 20°C

Visual inspections of the products showed that they remained
stable after 6 months of storage, with no oil phase separation.
Moreover, in microscopic observations no tomahawk-like
shape crystals, typical of a-lactose, were detected [46],
avoiding a typical defect that occurs in DL. This was
probably due to a�60% of reduction in the lactose content of

Figure 1. Sauter mean diameter (D3,2) corresponding to different
emulsifying conditions tested. UT, ultra turrax; HH, hand-held
homogenizer. Vertical bars show standard error of the mean.

Figure 2. Lipid oxidation (DTBARS, mg MDA/kg dry product) of
“dulce de leche” with pecan oil and natural tocopherols stored at
37°C. Tocopherol contents: 0mg/kg, control (&), 500mg/kg (4),
and 1000mg/kg (�). Vertical bars show standard error of themean.

Figure 3. Effect of storage time at 20°C on flow curves of “dulce de
leche” with pecan oil, produced in the pilot-scale plant. Initial (&), 2
(4), 4 (�), and 6 (x) months.

Eur. J. Lipid Sci. Technol. 2017, 118, 1600377 Dulce de leche-like product with pecan oil 1600377 (5 of 10)

� 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ejlst.com



milk after lactase activity. Moulds and yeast, and coagulase-
positive Staphylococci counts were lower than the detection
limits of the methods (2 logCFUg�1), showing that the
thermal treatment and aseptic packaging were adequate to
obtain a 6 month shelf-life.

3.5 Rheological characteristics

Figure 3 shows that pecan oil-DL obtained in the pilot-plant
presented the typical pseudoplastic flow behavior of DL
prepared with regular milk [47, 48], and within the ranges of
commercial DL [28]. It is important to note that DL
consistency varies from one brand to another, since the
formulations usually include different hydrocolloid levels
alone or in combination, in addition to their different content
of solids [28, 44, 45, 48]. In the first 2 months of storage,
there was a small increase in apparent viscosity, keeping it
constant afterwards.

Herschel–Bulkleyś model adequately fitted flow curves at
different storage times (Fig. 3). Yield stress, s0, strongly
increased after 2 months, remaining constant thereafter,
while consistency coefficient, K, increased between 4th and
6th month at 20°C (Table 1). Besides, storage time did not
affect the flow consistency index, n (Table 1). This increase
in apparent viscosity was in concordance with that observed
in low-fat DL formulations [49]. Thus the manufactured DL
exhibited age thickening due to structural rearrangements.
Structure development is thought to involve not only casein
micelles but also the whey proteins (especially if these have
suffered a high degree of denaturation during thermal
processing) and the fat globules. These changes could be
associated with several modifications in the continuous phase
(mainly hydration of milk proteins, carbohydrates, and
xanthan gum) that could happen during the storage and
would increase the volume fraction of dispersed components.
Some or all of the following structural modificationsmay take
place: Casein aggregation [50]; hydrocolloids or hydrocol-
loid/milk components interactions [51]; milk proteins
gelation [52]; glucose polymerization [53]; xanthan gum
aggregation [54, 55], and association of denaturated

Table 1. Changes in Herschel–Bulkley (HB) parameters and plateau moduli (G0
N) of pilot-plant dulce de leche with pecan oil during storage

at 20°C�

HB model

Storage time (months) s0 (Pa) K (Pa 	 sn) n Plateau modulus G0
N (Pa)

0 34.5c (4.1) 99.0b (4.2) 0.42b (0.01) 2.5�103a (227)
2 77.9ab (3.0) 107.4b (0.7) 0.43ab (0.01) 3.4�103ab (358)
4 95.0a (8.9) 106.1b (5.5) 0.46a (0.02) 4.0�103b (528)
6 65.8b (5.1) 138.2a (2.5) 0.40b (0.01) 4.0�103b (578)

�Standard errors of the mean are given between parentheses. Different superscripts within the same column indicate significant differences
(P<0.05). N¼ 4.

Figure 4. A. Frequency dependence of storage (G0) and loss (G00)
moduli of dulce de leche with pecan oil obtained in the pilot-scale
plant. Storage time at 20°C: initial (G0 &,G00 &), 2months (G0 *,G00

�), 4 months (G0 ~, G00 4), 6 months (G0 X, G00 þ). Continuous
lines represent Maxwell model fitted to experimental data. B.
Discrete relaxation times spectrum for “dulce de leche” with pecan
oil obtained in the pilot-scale plant, corresponding to different
storage times at 2°C. Initial (&), 2 (�), 4 (4), and 6 (þ) months.
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b-lactoglobulin and casein micelles [56]. According to
Rovedo et al. [48], it could take up to two months at
20°C for DL proteins to reach an equilibrium configuration,
agreeing with the results obtained in this work.

Pecan oil-DL mechanical spectrum showed a slightly
dependence of G0 and G00 with frequency at every storage
time, without a minimum in G00. Additionally, a 6-element
Maxwell model [57] satisfactorily fitted experimental results
(Fig. 4a). A similar behavior has been previously reported by
Ranalli et al. [49], saving some small differences depending
on the DL type.

According to Maxwell, storage and loss moduli could be
related to the discrete relaxation spectrum by:

G0ðvÞ ¼ Ge þ
XN

i¼1

Gi
ðvliÞ2

1þ ðvliÞ2
ð3Þ

G00ðvÞ ¼
XN

i¼1

Gi
ðvliÞ

1þ ðvliÞ2
ð4Þ

where Gi corresponds to the elastic response of each
spring and li are the relaxation times of each Maxwell
element. A non-linear iterative numerical method was
used to determine the parameters N, Gi, and li. The
computed Gi and li values were used to predict the
storage and loss moduli.

As can be observed in Fig. 4a, there is an excellent
agreement between experimental and predicted values,
confirming the accuracy of the calculations.

Discrete relaxation spectra obtained for pecan-DL during
storage is presented in Fig. 4b. Spectrum shapes showed two
phases, one at short time periods (10�2–10 s), and the other,
at longer time periods (10–103 s), passing through a
minimum where storage moduli were flat. More noticeable
differences with storage time were observed in this last phase
(Fig. 4b).

The plateau moduli G0
N (Table 1) were evaluated from

the discrete relaxation spectra at each storage time as:
G0

N ¼ PðGiÞ. G0
N reflects the molecular architecture of the

polymers and it is proportional to the number of entangle-
ments per unit volume and inversely proportional to the
average molecular weight of the molecular segment between
entanglements. It is a measure of the contribution of the
entanglements between polymeric molecules to the elastic
or storage modulus [58]. An increase in G0

N between initial
and 2 months of storage was observed, reflecting the
structural rearrangements that occurred during those first
months in agreement with the increase in viscosity
previously described.

Figure 5. TBARS evolution of “dulce de leche” with pre-emulsified
pecan oil and 1000mg/kg of tocopherols obtained in the pilot-scale
plant during the storage at 20°C. Vertical bars show standard error
of the mean.

Table 2. Fatty acid profiles of pecan oil “dulce de leche” stored at 20°C�, as well as of the pecan oil used, and Argentine milk fat

Pecan oil-DL

Fatty acid (g/100 g) Initial 3 months 6 months Pecan oil Milk fat��

C14:0 0.2a 0.1b 0.1b 0.1b 10.20
C16:0 6.6 6.4 6.4 6.5 24.10
C18:0 3.05a 3.1a 2.7b 3.0a 10.71
C18:1 n-9 62.5 62.3 62.4 62.3 25.78
C18:2 n-6 25.4 24.8 26.0 25.3 1.68
C18:3 n-3 1.0b 1.3a 1.2ab 1.2ab 0.93
SFA 10.6 9.9 9.8
UFA 89.4 90.1 90.1
SFA/UFA 0.1 0.1 0.1
AI 0.08 0.08 0.08
TI 0.2 0.2 0.2

�Different superscripts within the same row indicate significant differences (P< 0.05). N¼2. SFA, saturated fatty acids; UFS, unsaturated
fatty acids; AI, atherogenicity index; TI, thrombogenicity index.
��From Rebechi et al. [5].
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3.6 Lipid stability and FA profile

Figure 5 shows TBARS evolution of the products stored at
20°C. Up to 138 days, TBARS levels remained constant,
showing an increase afterwards. Again, TBARS levels reached
in DL with pecan oil were lower than others reported by
Candebat et al. [59] for condensed milk (65.8–84.9mg
MDA kg�1 after 5 month of storage at 28°C), and were not
associated with sensorial changes in the product.

Table 2 shows fatty acid profiles obtained in the lipid
phase of the product at different storage time. As it was
expected a high UFA level (89–90% w/w), mainly oleic
(C18:1 n-9 cis), and linoleic (C18:2 n-6 cis) acids was found,
in accordance with their proportion in the pecan oil, and a
lower level of SFA, in opposition to FA profile of milk fat.
Therefore, the product presented a lower SFA/UFA ratio
with respect to the traditional product obtained with whole
milk. In spite of the high UFA content and its high oxidation
susceptibility, UFA levels did not show significant differences
(P> 0.05) throughout storage, reflecting, again, the antioxi-
dant effect of the added tocopherols and other natural
compounds of the product.

Since scientific evidence that the fat type is more
important than the total amount ingested for the risk of
cardiovascular disease, predictive equations as atherogenicity
(AI) and thrombogenicity (TI) indexes have been used to
estimate the FA profile effect over plasmatic cholesterol and
lipoprotein levels [34]. Values higher than 1 are associated to
a detrimental effect over human health [60]. It could be seen
(Table 2) that the obtained indexes were well below 1, which
indicates a beneficial effect of the product FA profile.

Taken into account Argentinean milk fat and pecan oil
FA profiles (Table 2), it could be concluded that 100 g of
pecan oil-DLwould have 82.6% lower SFA and 200%higher
UFA contents with respect to a traditional product.

4 Conclusions

Although milk fat was replaced by pre-emulsified pecan oil,
the obtained DL-like product had appropriate rheological
properties, similar to the traditional product. Quality
attributes of pecan oil-DL remained stable during 6 months
at 20°C and the product showed high acceptance by
untrained panelists. The product was successfully developed
in the laboratory and in a pilot-scale plant, which indicates
that it is feasible to produce it on an industrial scale. The use
of vegetable oils in the formulation resulted in a product
similar to “dulce de leche” with a lipid profile enriched in
unsaturated fatty acids.

This researchwas supported byConsejoNacional de Investigaciones
Cient�ıficas y Tecnol�ogicas (CONICET, Argentina) and Uni-
versidad Nacional de La Plata. The authors acknowledge the
contributions ofAOMS.A.,PROPIA(UniversidadNacional de la

Plata), and Agroindustrial Department, Facultad Ciencias
Agrarias y Forestales (Universidad Nacional de La Plata).

The authors have declared no conflict of interest.

References

[1] Perrone, I., Stephani, R., Neves, B., S�a, J., Carvalho, A.,
Technological control for doce de leite production, Ind�astria
de Latic�unios 2014, 107, 54–61.

[2] C�odigo Alimentario Argentino. (1999). de la Canal y
Asociados. (Buenos Aires, Argentina). Available in: http://
www.anmat.gov.ar/alimentos/normativas_alimentos_caa.
asp. Accessed 3/28/2016.

[3] Hynes, E., Zalazar, C., in: McSweeney, P. L. H., Fox, P. F.
(Eds.), Advanced Dairy Chemistry: Lactose, Water, Salts and
Minor Constituents, Vol. 3, Springer, New York 2009, pp.
58–79.

[4] USDA – U.S. Department of Health and Human Services
and U.S. Department of Agriculture. 2015–2020 Dietary
Guidelines for Americans. 8th Edition. December 2015.
Available in: http://health.gov/dietaryguidelines/2015/
guidelines/.

[5] Rebechi, S., V�elez,M., Vaira, S., Perotti, M., Adulteration of
Argentinean milk fats with animal fats: Detection by fatty
acids analysis and multivariate regression techniques. Food
Chem. 2016, 192, 1025–1032.

[6] Ganguly, R., Pierce, G. N., The toxicity of dietary trans fats.
Food Chem. Toxicol. 2015, 78, 170–176.

[7] Bayarri, S., Chuli�a, I., Costell, E., Comparing l-carrageenan
and an inulin blend as fat replacers in carboxymethyl
cellulose dairy desserts. Rheological and sensory aspects.
Food Hydrocolloid. 2010, 24, 578–587.

[8] Prado, A. C. P. d., Manion, B. A., Seetharaman, K.,
Deschamps, F. C., Barrera Arellano, D., et al., Relation-
ship between antioxidant properties and chemical com-
position of the oil and the shell of pecan nuts [Carya
illinoinensis (Wangenh) C. Koch]. Ind. Crop Prod. 2013,
45, 64–73.

[9] Yang, J., Brazil nuts and associated health benefits: A review,
LWT-Food Sci. Technol. 2009, 42, 1573–1580.

[10] Yang, J., Liu, R. H., Halim, L., Antioxidant and anti-
proliferative activities of common edible nut seeds. LWT-
Food Sci. Technol. 2009, 42, 1–8.

[11] Ye, A., Cui, J., Taneja, A., Zhu, X., Singh, H., Evaluation of
processed cheese fortified with fish oil emulsion. Food Res.
Int. 2009, 42, 1093–1098.

[12] Cunha, C. R., Dias, A. I., Viotto, W. H., Microstructure,
texture, colour and sensory evaluation of a spreadable
processed cheese analoguemade with vegetable fat.Food Res.
Int. 2010, 43, 723–729.

[13] Meyer, D., Bayarri, S., T�arrega, A., Costell, E., Inulin as
texture modifier in dairy products. Food Hydrocolloid. 2011,
25, 1881–1890.

[14] Gonz�alez-Tom�as, L., Bayarri, S., Costell, E., Inulin-
enriched dairy desserts: Physicochemical and sensory
aspects. J. Dairy Sci. 2009, 92, 4188–4199.

[15] Hennelly, P., Dunne, P., O’sullivan, M., O’riordan, E.,
Textural, rheological and microstructural properties of

1600377 (8 of 10) N. Ranalli et al. Eur. J. Lipid Sci. Technol. 2017, 118, 1600377

� 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ejlst.com

http://www.anmat.gov.ar/alimentos/normativas_alimentos_caa.asp
http://www.anmat.gov.ar/alimentos/normativas_alimentos_caa.asp
http://www.anmat.gov.ar/alimentos/normativas_alimentos_caa.asp
http://health.gov/dietaryguidelines/2015/guidelines/
http://health.gov/dietaryguidelines/2015/guidelines/


imitation cheese containing inulin. J. Food Eng. 2006, 75,
388–395.

[16] WHO.WHO/World Economic ForumReport of a Joint Event.
Preventingnoncommunicablediseases intheworkplacethrough
dietandphysical sctivity.Available in:http//www.who.int/entity/
dietphysicalactivity/WHOWEF_report_Jan2008_FINAL.pdf.
Accessed: 10/14/2016. 2008.

[17] NPSA (National Pecan Shellers Association). Another
reason to love pecans: The american heart association
certifies pecans as heart healthy food. Available in: http://
www.ilovepecans.org. Accessed: 09/17/2015. 2014.

[18] Rudolph, C. J., Odell, G. V., Hinrichs, H. A., Hopfer, D. A.,
Kays, S. J., Genetic, environmental, and maturity effects on
pecan kernel lipid, fatty acid, tocopherol, and protein
composition. J. Food Quality 1992, 15, 263–278.

[19] Toro-Vazquez, J., Charo-Alonso, M., Perez-Briceno, F.,
Fatty acid composition and its relationship with physico-
chemical properties of pecan (Carya illinoensis) oil. J. Am. Oil
Chem. Soc. 1999, 76, 957–965.

[20] Miraliakbari, H., Shahidi, F., Antioxidant activity of minor
components of tree nut oils. Food Chem. 2008, 111, 421–427.

[21] Damechki,M., Sotiropoulou, S., Tsimidou,M., Antioxidant
and pro-oxidant factors in oregano and rosemary gourmet
olive oils. Grasas Aceites 2001, 52, 207–213.

[22] Valenzuela, A., Romo, C., Nieto, S., Tecnolog�ıas aplicables
a la industrializaci�on de los aceites marinos para permitir su
aplicaci�on en la alimentaci�on. Alimentos 1995, 20, 1–11.

[23] Moro, O., Hough, G., Total solids and density measure-
ments of dulce de leche, a typical Argentine dairy product. J.
Dairy Sci. 1985, 68, 521–525.

[24] Lorenzo, G., Zaritzky, N., Califano, A., Modeling rheologi-
cal properties of low-in-fat o/w emulsions stabilized with
xanthan/guar mixtures. Food Res. Int. 2008, 41, 487–494.

[25] Quintana, J. M., Califano, A., Zaritzky, N., Microstructure
and stability of non-protein stabilized oil-in-water food
emulsions measured by optical methods. J. Food Sci. 2002,
67, 1130–1135.

[26] Green, J., Margerison, D., Statistical Treatment of Experi-
mental Data. Physical Sciences Data, Elsevier, Amsterdam
1978.

[27] Pennisi Forell, S., Ranalli, N., Zaritzky, N., Andr�es, S.,
Califano, A., Effect of type of emulsifiers and antioxidants on
oxidative stability, colour and fatty acid profile of low-fat beef
burgers enriched with unsaturated fatty acids and phytoster-
ols. Meat Sci. 2010, 86, 364–370.

[28] Ranalli, N., Andr�es, S. C., Califano, A. N., Physicochemical
and rheological characterization of “dulce de leche”.
J. Texture Stud. 2012, 43, 115–123.

[29] Sosa,M.,Mart�ınez,C.,M�arquez, F.,Hough,G., Location and
scale influence on sensory acceptability measurements among
low-income consumers. J. Sens. Stud. 2008, 23, 707–719.

[30] Gim�enez, A. N. A., Ares, G., Gambaro, A., Consumer
perception of sandiness in dulce de leche. J. Sens. Stud. 2008,
23, 171–185.

[31] Resoluci�on GMC N° 137/96, CAA, Cap�ıtulo 8 (2015).
Available in: http://www.anmat.gov.ar/alimentos/codigoa/
CAPITULO_VIII.pdf. Accessed: 05/01/2015.

[32] Steffe, J. F., Rheological Methods in Food Process Engineering.
Freeman Press, East Lansing, MI 1996.

[33] AOAC:OfficialMethods of Analysis. 14th Edn., Association of
Official Analytical Chemists, Washington, DC 1984.

[34] Ayo, J., Carballo, J., Serrano, J., Olmedilla-Alonso, B., et al.,
Effect of total replacement of pork backfat with walnut on the
nutritional profile of frankfurters. Meat Sci. 2007, 77,
173–181.

[35] Pereira, N. R., Tarley, C. R., Matsushita, M., de Souza,
N. E., Proximate composition and fatty acid profile in
Brazilian poultry sausages. J. Food Compos. Anal. 2000, 13,
915–920.

[36] Tenorio, M. L. O., Effect of a-tocopherol concentration and
production process on lipid oxidation of fish oil enrichedmilk
emulsions. Alimentos Hoy. 2012, 21, 41–57.

[37] Borrelli, R. C., Fogliano, V., Monti, S. M., Ames, J. M.,
Characterization of melanoidins from a glucose-glycine
model system. Eur. Food Res. Technol. 2002, 215, 210–215.

[38] Carey, A. N., Poulose, S. M., Shukitt-Hale, B., The
beneficial effects of tree nuts on the aging brain. Nutr. Aging
2012, 1, 55–67.

[39] Dickinson, E., Flocculation of protein-stabilized oil-in-water
emulsions. Colloids Surf. B: Biointerfaces 2010, 81, 130–140.

[40] Miranda, I., Ventura, H., Su�arez, C., Fuertes, R.,
Actividad citotoxica y antioxidante de los productos de
la reacci�an de Maillard de los sistemas modelo D-
glucosa-glicina y D-glucosa-L-lisina. Revista Soc. Qca.
Per�u 2007, 73, 215–225.

[41] Tsai, P. J., Yu, T. Y., Chen, S. H., Liu, C. C., Sun, Y. F.,
Interactive role of color and antioxidant capacity in caramels.
Food Res. Int. 2009, 42, 380–386.

[42] Yanagimoto, K., Lee, K.-G., Ochi, H., Shibamoto, T.,
Antioxidative activity of heterocyclic compounds found in
coffee volatiles produced by Maillard reaction. J. Agric. Food
Chem. 2002, 50, 5480–5484.

[43] Yilmaz, Y., Toledo, R., Antioxidant activity of water-soluble
Maillard reaction products. Food Chem. 2005, 93, 273–278.

[44] Gaze, L., Costa,M.,Monteiro,M., Lavorato, J., et al., Dulce
de Leche, a typical product of Latin America: Characterisa-
tion by physicochemical, optical and instrumental methods.
Food Chem. 2015, 169, 471–477.

[45] Gaze, L., Oliveira, B., Ferrao, L., Granato, D., et al.,
Preference mapping of dulce de leche commercialized in
Brazilian markets. J. Dairy Sci. 2015, 98, 1443–1454.

[46] Wong, S. Y., Hartel, R.W., Crystallization in lactose refining
– A review. J. Food Sci. 2014, 79, R257–R272.

[47] Pauletti, M., Venier, A., Sabbag, N., Stechina, D.,
Rheological characterization of dulce de leche, a confection-
ery dairy product. J. Dairy Sci. 1990, 73, 601–603.

[48] Rovedo, C. O., Viollaz, P. E., Suarez, C., The effect of pH
and temperature on the rheological behavior of dulce de
leche, a typical dairy Argentine product. J. Dairy Sci. 1991,
74, 1497–1502.

[49] Ranalli, N., Andr�es, S.C., Califano, A. N., Efecto del
almacenamiento sobre par�ametros de calidad de producto
tipo “dulce de leche” libre de l�ıpidos. Proceedings of the IV
International Food Science and Technology Congress,
C�ordoba, Argentina (CD). 2012.

[50] de Felipe, A. A., Melc�on, B., Zapico, J., Structural changes
in sweetened condensed milk during storage: An electron
microscopy study. J. Dairy Res. 1991, 58, 337–344.

[51] Pav�on, Y., Rozycki, S., Avances e innovaciones en el desarrollo
deproductos l�acteos funcionales.6toCongresoInternacionalde
Lecher�ıa. Colonia del Sacramento. Uruguay. Available in:
http://congresodelecheria.com.uy/site/media/archivos/Avances

Eur. J. Lipid Sci. Technol. 2017, 118, 1600377 Dulce de leche-like product with pecan oil 1600377 (9 of 10)

� 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ejlst.com

http//www.who.int/entity/dietphysicalactivity/WHOWEF_report_Jan2008_FINAL.pdf
http//www.who.int/entity/dietphysicalactivity/WHOWEF_report_Jan2008_FINAL.pdf
http://www.ilovepecans.org
http://www.ilovepecans.org
http://www.anmat.gov.ar/alimentos/codigoa/CAPITULO_VIII.pdf
http://www.anmat.gov.ar/alimentos/codigoa/CAPITULO_VIII.pdf
http://congresodelecheria.com.uy/site/media/archivos/Avances%20en%20innovaciones%20en%20el%20desarrollo%20de%20lacteos%20funcionales%20-%20Dra%20Yanina%20Pavon.pdf


%20en%20innovaciones%20en%20el%20desarrollo%20de%
20lacteos%20funcionales%20-%20Dra%20Yanina%
20Pavon.pdf. Accessed 12/08/2015. 2015.

[52] Datta, N., Deeth, H., Age gelation of UHT milk – A review.
Food Bioprod. Process. 2001, 79, 197–210.

[53] Rozycki, S. D., Estudio de los Procesos de Gelificaci�on
T�ermica y de Pardeamiento no Enzim�atico, de Prote�ınas de
Leche en Presencia de Az�ucares (PhD Thesis), Universidad
Nacional del Litoral, Santa Fe, Argentina 2008.

[54] Bezemer, L., Ubbink, J. B., de Kooker, J. A., Kuil, M. E.,
Leyte, J. C., On the conformational transitions of native
xanthan. Macromolecules 1993, 26, 6436–6446.

[55] Carnali, J., A dispersed anisotropic phase as the origin of the
weak-gel properties of aqueous xanthan gum. J. Appl. Polym.
Sci. 1991, 43, 929–941.

[56] McCarthy, O, Encyclopedia of Dairy Sciences. Academic
Press, New York 2011, pp. 520–531.

[57] Ferry, J. D., Viscoelastic Properties of Polymers. John Wiley &
Sons, New York 1980.

[58] Flory, P. J., Principles of Polymer Chemistry. Cornell
University Press, Ithaca, New York 1953.

[59] Candebat, Z. E. V., �Alvarez, D. M. G., Gonz�alez, E. G.,
Enranciamiento en algunos productos l�acteos de humedad
intermedia durante su almacenamiento. Revista Cubana de
Alimentaci�on y Nutrici�on 1998, 12, 24–28.

[60] Subhadra, B., Lochmann, R., Rawles, S., Chen, R.,
Effect of dietary lipid source on the growth, tissue
composition and hematological parameters of large-
mouth bass (Micropterus salmoides). Aquaculture 2006,
255, 210–222.

1600377 (10 of 10) N. Ranalli et al. Eur. J. Lipid Sci. Technol. 2017, 118, 1600377

� 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ejlst.com

http://congresodelecheria.com.uy/site/media/archivos/Avances%20en%20innovaciones%20en%20el%20desarrollo%20de%20lacteos%20funcionales%20-%20Dra%20Yanina%20Pavon.pdf
http://congresodelecheria.com.uy/site/media/archivos/Avances%20en%20innovaciones%20en%20el%20desarrollo%20de%20lacteos%20funcionales%20-%20Dra%20Yanina%20Pavon.pdf
http://congresodelecheria.com.uy/site/media/archivos/Avances%20en%20innovaciones%20en%20el%20desarrollo%20de%20lacteos%20funcionales%20-%20Dra%20Yanina%20Pavon.pdf

